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LAKE CHAR FAULT IN THE WEBSTER, MASSACHUSETTS AREA:
EVIDENCE FOR WEST-DOWN MOTION
Arthur G. Goldstein 




The Lake Char fault is mapped as the contact between basement and cover 
and has been proposed as a thrust (west-up) fault. In the Webster, 
Massachusetts area, the fault forms a wide zone of mylonite. Based on 
mesoscopic structural analysis, the fault had a west-down component of 
motion and is not a thrust fault. Also, mylonitization, the major evidence 
for faulting, was a discreet structural event in a long sequence of ductile 
and brittle deformations. Therefore, the fault is interpreted as having a 
geologically brief life span.
INTRODUCTION
The southeastern New England fault system (Fig. 1) is composed of a 
number of mylonite zones which occur at the contact between Avalonian 
(̂  600 my) acidic metagneous rocks and overlying metapelites and meta- 
basites. The faults are commonly low-angle, are marked by wide zones of 
mylonites and have previously been described as having a thrust (west-over- 
east) component (Dixon and Lundgren, 1968). Despite suggestions that this 
fault system may mark a collisional suture, detailed structural analyses 
have not been common. This trip visits localities with key structural 
relationships within the Lake Charggoggagoggmanchauggagoggchaubunamungaggogg 
fault zone (for obvious reasons, this is usually called the Lake Char fault 
zone). The conclusions which arise from examination of these exposures are:
(1) Based on rotation senses of intrafolial folds in mylonite and the 
sense of shear at the margins of small mylonite zones, the Lake Char fault
in this area is not a thrust fault. Rather, the upper plate moved down with 
prominent northwest-trending mineral lineations marking the motion direction.
(2) Movement on the Lake Char fault occurred as a single discreet 
structural event during a long history of folding and faulting. The fault 
does not represent a profound crustal weakness which was reactivated over a 
long time interval.
Figure 1. Tectonic map of southeastern New England showing the names and 
locations of the southeastern New England fault system and some other major 
faults (after Dixon, 1976, Dixon and Lundgren, 1968, Castle et al., 1976; and 












The stratigraphic names used in this guide are those defined by Dixon 
(1964). The basement complex comprises the Hope Valley Alaskite, a well 
foliated microcline, plagioclase, quartz, muscovite, ± biotite, ± garnet 
gneiss and the Plainfield quartzite. Overlying these, on the upper plate 
of the Lake Char fault, the lowest portion of the cover sequence is the 
Quinebaug Fm., a unit poorly exposed in the Webster area, but composed of 
hornblende schists and gneisses and nonresistant calcareous metasediments.
The Tatnic Hill Fm. overlies the Quinebaug Fm. with the contact marked 
as the first appearance of rusty-weathering gneiss. The contact is commonly 
sharp without any apparent gradation between the two units. The internal 
stratigraphy of the Tatnic Hill Fm. is well known and well displayed in the 
Webster area. The lower member is composed of, in ascending order, a rusty- 
weathering gneiss which commonly contains large amphibolite bodies with altered 
ultramafic blocks, a biotite gneiss and a sillimanite-garnet-plagioclase- 
quartz gneiss. Overlying the lower member are the Fly Pond member, a non- 
resistant calcareous gneiss and the Yantic Member, a quartz-oligoclase- 
biotite-muscovite schist.
The Tatnic Hill Fm. is overlain by Siluro-Ordovician metasediments, which 
are intruded by a granitic sill, the Ayer granite. Localities for this field 
guide will be predominantly in the lower member of the Tatnic Hill Fm., 
although some stops will highlight other lithologies.
STRUCTURAL GEOLOGY
With the exception of the Lake Char fault zone, of course, the most 
prominent structure in the Webster area is the Douglas Woods anticline (Fig.
2). This broad, northwest plunging fold affects basement and cover in which 
it folds both layering and foliation. The fold itself has no associated axial 
plane foliation and does not have mesoscopic parasitic folds associated with 
it. Dixon (personal comm., 1976) has mapped isoclinal folds by Plainfield Fm. 
in the Hope Valley Alaskite (Fig. 2) which also appear to be folded by the 
Douglas Woods Anticline.
Figure 2. Geologic map of portions of Oxford, Webster, Leicester, and 
Worcester South, Massachusetts 71/2 U.S.G.S. quadrangles covered by this 
study (modified after Barosh, 1976, and H.R. Dixon, personal communication, 
1976). The extent of the mylonite zone as mapped by criteria described in 
the text is shown in the shaded pattern. Numbers are localities referred to in 
the text. The rectangle at the southern margin of the map is an area of 
detailed study referred to in the text. No distinction has been made between 
the Lake Char and Bloody Bluff faults since they are a continuous surface, 
although, technically, the fault on the north limb, labeled Lake Char fault, 





Mesoscopic structural analysis. As noted by Dixon (1964) and many others, 
the internal stratigraphy of the Quinebaug and Tatnic Hill Fms. is suggestive 
of a homocline; that is, repetitions of this stratigraphy are almost non­
existent. This is quite surprising because the deformational history deduced 
from mesoscopic structural analysis is quite complex. The structural diagrams 
in figure 3 and the following discussion are derived largely from the detailed 
analysis of exposures in the southern portions of the Oxford and Webster l\' 
quadrangles (rectangular area at the bottom of Fig. 2). The relationships 
developed in that region have been accurate when applied as a model for 
reconnaissance in other portions of the fault system and are similar in some 
respects to the structural history proposed by Nelson (1976) for a portion 
of the Bloody Bluff fault.
*
%
D1 - First isoclinal folding. At several localities (Stops #4 and #8, this 
trip) are isoclinal folds which do not fold a foliation, but have a strong 
axial plane foliation which is folded by later folds. At Stop #4, it is clear 
that the layering being folded is original sedimentary bedding. These rare 
occurrences of D1 fold hinges do not allow their orientations to be described 
in any consistent manner.
D2 - Second isoclinal folding. These folds are the most common in this area.
They fold an earlier foliation (Dl) and have an axial plane foliation of their 
own. Their axes plunge shallowly to the south-southwest and their axial planes 
strike essentially north-south and dip moderately to the west (Fig. 3). 
Sillimanite, hornblende and biotite lineations are parallel to their axes.
These folds are well illustrated at Stops #5 and #8 and the optional Stop #7.
They clearly predate the Douglas Woods Anticline since their orientations vary 
around the hinge of the Douglas Woods Anticline (compare Stops #5 and #8).
D3 - Mylonitization. It is proposed that mylonitization and thus Lake Char 
faulting occurred after D2. This is based on their relative orientations 
around the Douglas Woods Anticline and the relationships at Stop #8.
Mylonitic foliation (fluxion structure) generally parallels a pre-existing 
foliation and probably resulted from slip initiated on that older foliation. 
Prominent mineral lineations, quartz, feldspar, biotite and others, on mylonitic 
foliation plunge shallowly to the northwest or southeast (Fig. 3) and mark 
the motion direction for Lake Char faulting (Stops #1 and #6). At Stops #1,
#4, #6, and #8 the polarity of slip can be determined and at all four the upper 
plate moved down in a northwest direction. Thus, the Lake Char fault in this 
area could be termed a low-angle normal fault, although that phrase connotes 
crustal extension which may not have been the driving force for the Lake Char 
fault. The fault is perhaps better thought of as a tectonic slide. Temperatures 
during Lake Char faulting were between 525°C and 600°C (Goldstein, 1982) and 
the deformation mechanisms for both quartz and feldspar were translation glide 
and climb.
D4 - Late folding. D3 mylonitic foliation is folded by late folds whose 
axes parallel D2 folds (Fig. 3). These folds lack an axial plane foliation and 
thus are easily distinguished from D2 folds.
D5 - Ductile normal faulting. These high-angle faults commonly are not discreet 
fractures but have zones of shear up to 10 cm. wide. They cut D3 mylonitic 
foliation (Stop #4) and break some areas into horsts and grabens (Stop #5).
Their orientations (Fig. 4) bear no relationship to fabric elements of D3 
mylonitic fabrics and thus are not believed to be related in any way to movement 
on the Lake Char fault.





Figure 3. Orientations of mesoscopic structural elements within the area of 
detailed study shown in Figure 2, plotted on the lower hemispheres of equal- 
area nets. (a) Orientations of poles to 236 foliation (Dl, D2 and D3) 
planes, (b) Orientations of 36 D2 fold axes, 13 D4 fold axes and 24 poles to 
D2 axial planes, (c) Orientations of 65 mylonitic (D3) mineral lineations 
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Figure 4. Lower hemisphere, equal-area plots of fabric elements for late 
faults. (a) Poles to high-angle ductile faults (D5). (b) Fabric elements
for brittle faults (D6).
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D6 - Brittle normal faulting. Also present at many exposures are brittle 
faults which appear as slickensided fractures. Although no direct evidence 
gives their timing with respect to D5, the lower temperatures suggested by 
true brittle behavior are consistent with the age relationships proposed 
here. The orientations of those faults and of their kinematic elements 
(Fig. 4) suggest an origin associated with Triassic rifting.
Although these conclusions have been based on an area only a little larger 
than a 7 1/2' quadrangle, they represent the first detailed structural analysis 
carried out along the southeastern New England fault system. The results 
disagree strongly with previous statements that the fault system is composed 
of thrust faults with long movement histories. For the Webster area,
0there is an apparent relationship in timing and orientation between myloniza- 
tion and the Douglas Woods Anticline. For that reason, I propose an origin 
of the Lake Char fault which involves basement-cover decollement during 
basement diapirism (Fig. 5). Strain localization would have resulted from 
the differing mechanical-chemical behavior of basement versus cover. 
Quartzofeldspathic basement rocks accommodated strain in a purely mechanical 
fashion whereas the metapelites and metabasites of the cover sequence under­
went mineral reactions usually resulting in the production of phyllosilicates, 
thereby weakening the rock further. It remains to be seen if this model 
will be applicable to the remaining portions of the fault system.
«
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Assembly Point: Thompson Spirit Shoppe, East Thompson, Conn., immediately
east of exit 100 off Rt. 52.
Directions
Mileage:
From Storrs, take Rt. 44A east to Rt. 44 east Follow this
approximately 20 miles, through Putnam, Conn. to Rt. 52. 
Enter Rt. 52 north and leave approximately 8 miles later at 
exit 100, E. Thompson-Wilsonville. Travel east on 
Wilsonville Road for approximately .5 mi. to the first stop 
sign. Turn left (north) and travel approximately .1 mi. 
on Webster Road to the Thompson Spirit Shoppe on the left.
Cumulative Interval
Travel south on Webster Road.
.1 .1 Quinebaug Fm. in small roadcut on your right.
.6 .5 Turn left (east) onto Porter Plain Rd. This
traverses a rather wide area in which the 
Quinebaug Fm. is overlain by glacial outwash 
materials•
1.8 1.2 Turn right (south) onto Sand Dam Road.
2.0 .2 Turn left (east) at triangle onto E. Thompson
Road.
2.1 .1 Firehouse on left.
2.7 .6 Cross abandoned railroad grade.
2.9 .2 Stop #1. Park across from small bungalo and
driveway.
NOTE: This stop traverses privately-owned property. The owners have been very
cooperative. Please guarantee that future field trips will be possible 
by being courteous and non-destructive.
STOP #1.
This traverse takes us from partially mylonitized Hope Valley Alaskite 
stratigraphically up-section toward the Lake Char fault. You will be able to 
observe the progressive decrease in grain size and a thin, quartzitic interlayer 
which displays intrafolial folds having a rotation sense consistent with west- 
down motion on the Lake Char fault. You may wish to visit a nearby locality 
where the Hope Valley Alaskite is unmylonitized. The closest is approximately 
.5 miles east on E. Thompson Road on the left (north) side of the road. The 
grain sizes of the major mineralogical components of the Alaskite at that 
locality are shown on Figure 6 as point #8 on the right of the diagram. This 
traverse start at Point #5 and progresses to Point #1.
To begin the traverse, walk up the driveway across from the parking area 
and enter the woods to the right (east). On the east side of this ridge there 
are a number of large natural exposures which contain the contact between the 
Alaskite and an infold of Plainfield quartzite. Immediately above the contact, 
the Alaskite has large, ellipsoidal feldspars in a fine-grain quartz, feldspar 
and mica matrix. This matrix is mylonitic in origin and the bimodal grain 
size derives from the relative resistance to intracrystalline deformation 
between quartz and feldspar. Toward the west, as you approach the Lake Char 













Figure 6. Grain sizes of major minerals in the Hope Valley Alaskite along a 
traverse toward the Lake Char fault, Stop #1.
exposures of the same Alaskite but with a highly reduced grain size. Proceed 
down -the west side of the ridge to a small valley, on the west side of that 
valley is a small ridge composed of micaceous quartzites. These quartzites 
are mylonitized, have a prominent mineral lineation and display small, 
overturned, intrafolial folds. The folds have rotation senses which require 
west-down motion (Fig. 7).
NOTE: These folds are rare... do not remove them! There are many loose
blocks of mylonitic quartzite which can be collected without hammering. 
CAUTION 1 Trained Attack Dogs have been kept at a shack not more than a 
hundred meters away, to the west and have attacked and bitten the author. 
Should you meet a German Shepard in these woods, remain immobile until he 
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Further to west are exposures of mylonitized alaskite, quartzite, an 
area of no exposure which marks the Lake Char fault and metabasites of the 
Quinebaug Fm. Those metabasites contain very infrequent mesoscopic 
structural features.
Mileage: Return to vehicles and turn around and 
proceed west on E. Thompson Road.
Cumulative Interval
3.8 .9 Turn right (north) onto Sand Dam Road
4.0 .2 Turn left (west) onto Porter Plain Rd
5.2 1.2 Turn right (north) onto Webster Road.
5.7 .5 Stop #2 (optional).
STOP #2
Turn right across from Wilsonville Road on dirt road into abandoned sand 
and gravel quarry. Exposures of mylonitized upper Quinebaug Fm. are on the 
left. These exposures contain good examples of D5 ductile faults with 
associated epidote mineralization.
Return to Webster Road and cross to Wilsonville Road.
Mileage:
Cumulative Interval
6.0 .3 Stop #3.
Stop #3.
Park before reaching roadcuts at entrance to Rt. 52. You have crossed 
the contact between the Quinebaug Fm. and the Tatnic Hill Fm. and the 
roadcuts are in the rusty-weathering gneiss of the lower member of the 
Tatnic Hill Fm. You have also crossed a gradational contact between 
mylonitized rocks and unmylonitized rocks and are in a thin, unmylonitized 
zone which can be traced both northward and southward along Rt. 52. At 
this locality (Fig. 8) you can see the rusty-weathering gneiss with sillimanite 
lineations plunging shallowly to the south-southwest and with textbook 
boudinage. A fault (of unknown age or structural affinity) marks the lower 
contact between rusty-weathering gneiss and an amphibolite body which can 
also be traced northward and southward along Rt. 52. The upper contact 
between mylonitized and unmylonitized is covered between the northbound 
and southbound lanes of Rt. 52. On the southbound entrance ramp are good 






Proceed west on Wilsonville Rd.
1.1 Turn left (south) onto Stawicki Rd.
.2 Park on right across from house with





Figure 8. Geologic sketch map of Stop #3. Numbers refer to points of
Interest: 1 - Amphibolite rusty-weathering gneiss; 2 - Nature
}f contact between amphibolite and overlying rusty-weathering gneiss; 3 - 




This is perhaps one of the finest exposures in the Webster area. However, 
it is the backyard of a private residence. ABSOLUTELY NO HAMMERS! As 
before, please be nondestructive and courteous to insure that others will 
be allowed to visit this locality. If you are following this guide without 
the author, please knock on the door and ask permission to look at the outcrop. 
The owners have been patient and tolerant and, I am sure, cannot understand 
why anyone would be so interested in their "rock garden".
A map of this exposure is shown in Figure 9a and the orientations of 
structural elements in Figure 9b. The exposure is of sillimanite gneiss 
of the lower member of the Tatnic Hill Fm. A small shear zone traverses the 
western side of the exposure. This outcrop is located toward the upper limit 
of the Lake Char mylonite zone and the shear zone crosscuts the foliation in 
the sillimanite gneiss. This allows us to see the sense of rotation at the 
bottom and top of the shear zone (labeled as B and C respectively on Figure 9a). 
Considering the prominent mineral lineation as the direction of movement 
on the shear zone together with the sense of rotation at the margins requires 
that movement on the shear zone was west-down.
This locality also has an excellent example of a D1 fold hinge (labeled 
as A on Figure 9a). If more exposures were devoid of lichen and glacial 
cover, such as this one is, we would have a much easier time deciphering the 
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Turn around and proceed north on Stawicki Rd 
Turn right (east) onto Wilsonville Road.
Turn left onto Rt. 52 Northbound.
Stop #5.
STOP #5.
Park on right side of highway before roadcuts. These roadcuts are in the 
lower member of the Tatnic Hill Fm. and are unmylonitized as were the cuts 
at Stop #3. Features to be examined at this locality are D2 isoclinal folds 
and D5 ductile faults. The cuts are at a small angle to the foliation, making 
viewing of the folds difficult at first. A map and cross sections of the 
roadcuts appear in Figure 10. A number of high-angle faults cut the 
exposures into a series of small fault blocks. The northwest-striking 
faults are D5 whereas the northeast-striking faults, particularly the fault 
at about the middle of the west side, are D6. The D5 ductile faults form
horsts and grabens (section A-A'). Within one "ductile graben" is a good
%
example of a D2 fold hinge, which can be seen two-thirds of the way southward 
on the west side of the median. Across the southbound lane is a minor D2 
fold. These folds are deforming a pre-existing foliation (Dl) and have an 
axial plane foliation of their own creating hinge-parallel intersection 
lineations. Note also, at this locality, ultramafic blocks in the rusty- 










Proceed north on Rt. 52.
Take Exit #2, Rt. 16, Webster-Douglas.
Turn left (west), out of exit, onto Gore Road. 
Park in lot on left across from Cranston Print 
Works Co.
STOP #6.
Walk east, back toward road cuts at Rt. 52. Small quasi-exposures in the 
small park immediately east of the parking lot are of the rusty-weathering 
gneiss. Although many of these blocks are not in place, this is believed to 
be natural and not a dump of quarried material. The roadcuts at Rt. 52 are 
in the Plainfield Fm. Thus, the Lake Char fault lies between the park and the 
roadcuts. The park exposures are mylonitic whereas the roadcuts are not.
The rather thin zone of mylonitization in the basement complex observed at 
Stop #1 has narrowed to the point of being inperceptible (Fig. 2). The 
exposures of Plainfield Fm. have a foliation parallel to the layering 
(either a Dl or D2 foliation) and both layering and foliation are pervasively 
folded on a small scale. The folds have a rigidly consistent rotation sense 
and are believed to be a result of slip on the Lake Char fault. As at Stop 
#1, the orientations and rotation senses of these folds define west-down 
movement on the Lake Char fault (Fig. 7b).
\ 7 STRIKE and DIP of FOLIATION
\
&
TREND Of HINGE of OVERTURNED SYNCLINE
TREND of HINGE of OVERTURNED ANTICLINE
TREND of HINGE of ASYMMETRIC MINOR FOLD
WITH ROTATON SEN SE








BIOTITE GNEISS MEMBER 
AMPHIBOLITE
RUSTY WEATHERING GNEISS MEMBER
10 20  3 0  4 0  m













Proceed east on Gore Rd.
Turn right (south) onto Rt. 52 north.
13.7 .9 Road cuts in Plainfield Fm.
16.0 2.3 Road cuts in biotitic facies of basement
17.2 1.2 Exit 4W, Sutton Road, Oxford. Road cuts
complex
on right are rusty-weathering and biotite 
gneiss of the Tatnic Hill Fm. North end 
of cut displays excellent example of D1 
fold hinge; note steepening of layering 













Turn right onto unnamed road 
Stop #7 (optional)
STOP #7.
Park on left at crest of hill. The spillway cuts for the Hodges Village 
dam expose a facies of Silurian metasediments referred to as Hodges Village 
Fm. by Barosh (1974). These rocks contain graded beds which allow 
determination of facing direction. They are overturned. In addition, there 
is an intersection between bedding and a cleavage which is axial-planar 
to minor folds. The geometry of the bedding-cleavage intersection defines 
the exposures as being on the lower limb of an isoclinal anticline overturned 
to the west. In these Silurian rocks, only two foldings have been recognized 
(D2 and D4). It follows that D1 was a pre-Silurian event.
Mileage:
Cumulative Interval
Turn around and travel south on unnamed road.
19.8 .3 Turn left (east) onto Sutton Road
20.9 1.1 Cross Rt. 12.






Stop at large road cut on right. This locality is on the northern limb 
of the Douglas Woods Anticline where layering and foliation strike east-west. 
Because of this, the road cut give a clearer picture of the structure. The 
road cut exposes unmylonitized biotite gneiss of the Tatnic Hill Fm. A sketch 
of the major features of the road cut and the orientations of structural 
elements are shown in Figure 11. Evidence for the first three deformations 
is present. A felsic layer at about the center of the road cut marks a D1 
axial plane is folded by large D2 isoclinal folds. Two small shear zones cut 
the D2 folds and contain intrafolial folds which define the movement as north- 
down. Mineral lineations in the shear zones probably record the motion 
direction and are parallel to mineral lineations in mylonite at other localities 
within the Lake Char fault zone. For this reason the small shear zones at 
Stop #8 are believed to be related to movement on the Lake Char fault.
End of trip.
To return to Storrs, turn around at the 
next exit to the north and take Rt. 52 
south to Rt. 44 in Putnam. To get to 
other areas, Rt. 20 intersects Rt. 52 
approximately 10 miles to the north.
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